Background: Locoregional recurrence remains the challenge for long-term survival of non-small cell lung cancer (NSCLC) patients after radical surgery, and curative-intent radiotherapy could be a treatment choice. This study aimed to assess the survival and prognostic factors of patients with postoperative locoregionally recurrent NSCLC treated with radical radiotherapy.
Introduction
Lung cancer remains the most common cancer and the first leading cause of cancer-related death worldwide [1] . For patients with early-stage (stages I and II) and resectable stage III. A non-small cell lung cancer (NSCLC), the National Comprehensive Cancer Network (NCCN) guidelines recommend surgical resection to be the primary treatment as it offers a chance of cure. The 5-year overall survival (OS) rates of patients who had undergone complete tumor resection range from 24 to 73% [2, 3] , and postoperative recurrence remains the challenge for long-term survival. The recurrence rates of patients who have undergone surgery range from 34 to 45% [4] [5] [6] [7] . Patterns of failure include distant metastasis, locoregional recurrence, and distant metastasis with locoregional recurrence [8] . Locoregional recurrence occurs in 20-45% patients [5, [9] [10] [11] .
Unlike the patients with distant failure, the patients with locoregional recurrence after radical surgery without hematogenous spreading can be cured by sufficient local treatment [12] . Most patients with locoregionally recurrent disease cannot bear secondary radical surgery, which highlights the importance of radiotherapy for curative purpose. In the previous studies, radiotherapy has been reported to achieve a promising outcome in patients with locoregionally recurrent NSCLC, with a median OS of 17 to 37.3 months [12] [13] [14] [15] [16] . However, most of these studies had small sample sizes. In clinical practice, the standard treatment has not been established regarding the radiation dose or whether in combination with chemotherapy. Moreover, the prognostic factors and failure patterns after radical radiotherapy are also worthy of exploration. In the present study, we evaluated the survival, prognostic factors, and failure patterns after radical radiotherapy for patients with postoperative locoregional recurrence of NSCLC.
Patients and methods

Patient selection and acquisition of clinical data
NSCLC patients with postoperative locoregional recurrence treated with radical radiotherapy with or without concurrent chemotherapy between April 2012 and February 2016 at Sun Yat-sen University Cancer Center (Guangzhou, China) were screened. Patient selection criteria were as follows: (1) R0 resection (no residual microscopic disease) for primary NSCLC; (2) postoperative recurrence proved by biopsy or confirmed by imaging modalities and subsequent clinical outcomes; (3) recurrent disease within the ipsilateral hemithorax, mediastinum, and/or supraclavicular fossa; and (4) no metastases to solid organs, the pleura, or the peritoneum. Patients who had previous or recent another malignancy or Eastern Cooperative Oncology Group (ECOG) performance status > 2 were excluded.
Clinical data collected from each patient included age, sex, thoracic surgery history, stage and histology of primary NSCLC, epidermal growth factor receptor (EGFR) mutation status, interval between surgery and recurrence, and recurrence sites. The 7th edition of the American Joint Committee on Cancer (AJCC) staging system for lung cancer was used to stage the primary tumor.
Ethical statement
The treatment of all patients was discussed by the thoracic multi-disciplinary treatment team, and participant information collection was approved by the Ethics Committee of Sun Yat-sen University Cancer Center. Written informed consent was obtained from patients for the use of their data in clinical research.
Radical radiotherapy
Patient immobilization, simulation, and treatment planning were performed according to the standard protocol of radiotherapy for lung cancer in Sun Yat-sen University Cancer Center [17] . With the patient in the supine position, a cradle for immobilization was made with vacuum. Using 4-dimensional computed tomography (4D-CT), 3-dimensional (3D) data sets associated with 10 respiratory phases in 0.5-cm thickness slices were constructed, and a maximum intensity projection data set was generated. All 11 data sets were exported to the Monaco planning system (Elekta Medical Systems, Stockholm, Sweden) for target contouring and treatment planning. Individual patient was scanned from the atlas (C1) level to the second lumbar vertebra (L2) level to cover the whole neck and lungs. Briefly, the gross tumor volume (GTV-lung plus GTV-lymph node) consisted of recurrent lesion diagnosed by biopsy or subsequent CT scan; the regions of tumor revealed by endoscopy but not seen on CT images were also included in the GTV-lung. The clinical target volume (CTV) comprised a 0.6-cm margin around GTV-lung and selected lymph node region. CTV was not necessary for stereotactic body radiotherapy (SBRT). Two planning target volume (PTV) had been defined: PTV1 was defined as the GTV plus a 0.6-cm margin, and PTV2 was defined as the CTV plus a 0.6-cm margin in all directions. The intensity-modulated radiotherapy (IMRT) or 3-dimensional conventional radiotherapy (3D-CRT) technique was used to deliver a median dose of 60 Gy (range 56-68 Gy) to PTV1, and 46 Gy (range 40-54 Gy) to PTV2 in a median of 26 fractions (range 15-35 fractions). SBRT was performed to deliver a median dose of 50 Gy (range 50-70 Gy) in a median of 10 fractions (range 10-12 fractions).
Concurrent chemotherapy
The regimens of concurrent chemotherapy mostly included platinum-based dual drugs: (1) 
Follow-up
The follow-up started since the first day of radiotherapy and ended on May 31, 2017. Tumor response was assessed 2 months after radical radiotherapy according to the Response Evaluation Criteria In Solid Tumors (RECIST). The responses included complete response (CR), partial response (PR), progressive disease (PD), and stable disease (SD). The adverse events were graded according to the Common Toxicity Criteria for Adverse Events version 4.0 (CTCAE 4.0) from the start of radiotherapy until 1 year afterward. Patients underwent chest and upper abdominal CT scan every 3 months and brain magnetic resonance imaging (MRI) every 6 months for the first 2 years; chest and upper abdominal CT and brain MRI every 6 months for another 3 years, and then annually. Whole-body bone scan was performed when patients were suspected for bone metastasis.
Locoregional recurrence was defined as disease recurrence at the surgical margin, ipsilateral hemithorax, or regional lymph nodes. Metastasis to the contralateral lung and to outside of the hemithorax or mediastinum was defined as distant metastasis. OS was defined as the duration from the first day of radical radiotherapy to the date of death from any cause or to the last visit before May 31, 2017. Patients were censored at the date of last follow-up if alive or lost to follow-up. Progression-free survival (PFS), locoregional recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) were defined as the interval from the first day of radical radiotherapy to documented disease progression, locoregional recurrence, and distant metastasis, respectively. Patients were censored at the date of death or the date of last follow-up with no evidence of indicated events.
Statistical analysis
The probability of survival was estimated using the Kaplan-Meier method and compared using the log-rank test. The multivariate Cox proportional hazards model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the chance of survival. Age, sex, stage of primary tumor, histology, recurrence site, interval between surgery and recurrence, biological effective dose (BED) of radiation, concurrent chemotherapy, EGFR status, irradiation technique, and GTV were included in univariate analysis. All tests were two-sided. Univariate variables that reached a P value < 0.2 were evaluated in multivariate analysis. P values less than 0.05 were considered significant. All statistical analyses were performed using SPSS 22.0 software (IBM, Chicago, IL, USA).
Results
Patient characteristics
We identified 74 patients comprising 20 females and 54 males. The median age of patients was 59 years (range 29-84 years). Patient characteristics are summarized in Table 1 ). The median BED of radiation was 78 Gy (range 55-119 Gy). Fifty-nine (79.7%) patients underwent concurrent chemotherapy: 52 (70.3%) were treated with platinum-based dual drugs, and 7 (9.4%) underwent single-agent treatment. Eighteen (24.3%) patients underwent neoadjuvant chemotherapy for recurrent disease before radiotherapy.
Adverse events
The average weight loss was 0.8 kg (range 0-6.5 kg). The most frequent adverse events observed were neutropenia, esophagitis, pneumonitis, and vomiting, and most were mild (grades 1 and 2). Grade 3 neutropenia occurred in 8 (10.8%) patients, followed by grade 3/4 esophagitis in 7 (9.5%) patients, grade 3 pneumonitis in 1 (1.4%) patient, and grade 3 vomiting in 1 (1.4%) patient. Grade 4 esophagitis occurred in 1 (1.4%) patient, who developed malignant fistulae. There were no treatmentrelated deaths.
Treatment outcome
Two months after radical radiotherapy, 11 (14.9%) patients achieved CR, 36 (48.6%) achieved PR, 14 (18.9%) had SD, and 13 (17.6%) had PD. With a median follow-up of 21.5 months (range 2-50 months), the 2-year OS, PFS, LRFS, and DMFS rates of all patients were 84.2, 42.5, 70.0, and 50.9%, respectively. Sixteen patients died during follow-up. The median estimated OS was not reached. The median estimated PFS, LRFS, and DMFS were 19.0, 40.4, and 24.8 months, respectively (Fig. 1) .
Univariate and multivariate analyses showed that higher BED of radiation was associated with longer LRFS (HR = 0.317, 95% CI = 0.112-0.899, P = 0.016) and that the presence of wild-type EGFR was associated with longer DMFS compared with EGFR mutations (HR = 0.383, 95% CI = 0.171-0.855, P = 0.019) ( Tables 2,  3) .
Failure pattern
During follow-up, 35 (47.3%) patients experienced disease progression. The most common failure pattern was locoregional recurrence plus distant metastasis, observed in 16 (21.6%) patients. Fifteen (20.3%) patients had distant metastasis alone, and 4 (5.4%) had locoregional recurrence alone. The contralateral lung (14 cases, 18.9%) was the most common site of metastasis, followed by the brain (5 cases, 6.8%), liver (4 cases, 5.4%), bone (3 cases, 4.1%), adrenal gland (2 cases, 2.7%), celiac lymph nodes (2 cases, 2.7%), and axillary lymph nodes (1 case, 1.4%). Among the 20 patients with locoregional progression, 7 (35.0%) had progression at the previous recurrence sites.
Discussion
The present study demonstrated that radical radiotherapy was effective and well-tolerated in NSCLC patients with postoperative locoregional recurrence. The 2-year OS, PFS, LRFS, and DMFS rates of all patients were 84.2, 42.5, 70.0, and 50.9%, respectively. We evaluated the possible prognostic roles of age, sex, interval between surgery and recurrence, BED of radiation, concurrent chemotherapy, EGFR status, and GTV. High BED appeared to be an independent predictor for prolonged LRFS. Patients with wild-type EGFR were found to have longer DMFS than those with EGFR mutation.
No independent predictors for OS were identified in the present study. In univariate analysis, BED showed a trend to be associated with OS (P = 0.053). However, the difference was not significant in multivariate analysis (P = 0.472). The prognostic factors for OS of patients with local recurrence were also investigated in several retrospective studies. Female [7, 18] , young age [7] , long disease-free interval between initial surgery and local recurrence [7, 15] , and high radiation dose prescribed [16] were reported to be associated with prolonged OS. Early stage of primary tumor [18] and recurrent lesion [15, 18] as well as recurrence in the bronchial stump [16, [18] [19] [20] were also reported to be associated with prolonged OS.
Several studies have demonstrated that BED of radiation was associated with local control in NSCLC patients receiving radiotherapy [21] [22] [23] . After analyzing potential prognostic factors, we found that higher BED was an independent indicator for longer LRFS (P = 0.031) in the present study. Patients receiving a BED of radiation no less than 78 Gy had a longer LRFS than did those receiving a BED less than 78 Gy. Therefore, escalating BED might be helpful to patients with local recurrence. However, the volume of the lungs of NSCLC patients was decreased with reduced pulmonary function after surgery. Some patients had received several cycles of adjuvant or neoadjuvant chemotherapy, which resulted in poor performance status. Therefore, the lung toxicity accompanied with high BED warrants attention, and the dose constraints for normal tissues should be followed strictly. In the present study, a mean lung dose less than 17 Gy and the lung volumes irradiated above 20 Gy (V 20 ) less than 30% were constrained. Only 1 patient had grade As we know, concurrent chemotherapy prolonged survival of patients with unresectable stage III NSCLC [24] [25] [26] [27] [28] [29] . For patients with postoperative local recurrence, the role of concurrent chemotherapy has not been fully elucidated [14, 30] . Our results did not support the prognostic role of chemotherapy for survival. However, this result must be interpreted with caution. Among the 14 patients who did not receive concurrent chemotherapy, 5 were treated with SBRT. The high BED of SBRT could achieve good local control in the absence of concurrent chemotherapy. Therefore, the inclusion of patients receiving SBRT might dilute the role of chemotherapy in the entire cohort. Moreover, our data showed that the major failure pattern after radical radiotherapy was distant metastasis, consistent with the results reported by Kelsey et al. [15] , which revealed that 50% patients developed distant metastases after salvage radiotherapy. The high rate of distant metastasis after radical radiotherapy indicates that chemotherapy is important for NSCLC patients with locoregional recurrence. Therefore, the value of chemotherapy concurrent with or after radiotherapy is worthy of further exploration.
Data from multiple randomized trials have demonstrated that EGFR mutation may be used as a predictive factor for tumor response to tyrosine kinase inhibitors (TKIs) and biomarkers for TKI treatment selection [31] [32] [33] . NSCLC patients with postoperative locoregional recurrence who harbored EGFR gene mutations were also reported to benefit from TKIs [34] . In the present study, our results showed that EGFR-mutated NSCLC patients were more likely to have distant failure after radical radiotherapy as compared with those with wild-type EGFR (P = 0.019). Our previous study investigated the association of EGFR mutation status with treatment outcome of patients with stage III NSCLC who had undergone a complete (R0) resection, and found that patients with mutant EGFR had a higher rate of multiple distant metastases after surgery than those with wildtype EGFR [35] . However, EGFR mutation status was not found to be a prognostic factor for OS in either our previous study or the present study. The reason may be that EGFR-mutated patients benefited from subsequent TKI treatment after distant failure. EGFR mutation seems to be more like a predictive marker for TKI treatment than a prognostic marker for OS.
The safety of radiotherapy for NSCLC patients with postoperative locoregional recurrence has been Our results demonstrated that NSCLC patients with postoperative locoregional recurrence could benefit from radical radiotherapy. However, this study had several limitations, such as the short follow-up, small sample size, and a retrospective nature. The results should be confirmed in larger prospective studies.
Conclusions
Radical radiotherapy is effective and well-tolerated in NSCLC patients with postoperative locoregional recurrence. High BED of radiation appeared to be an independent favorable factor for LRFS. Patients with wild-type EGFR were found to have longer DMFS than those with EGFR mutations. Distant failure accounted for the substantial treatment failure after radical radiotherapy. The values of chemotherapy concurrent with or after radiotherapy should be further explored.
